Purpose To determine the relationship between vision-related quality of life, metamorphopsia, and stereopsis after successful surgery to correct rhegmatogenous retinal detachment (RRD). Patients and methods Data were obtained from 30 patients with RRD who had scleral buckle surgery or vitrectomy. Age, gender, duration of blurred vision, the best-corrected visual acuity (BCVA), extent of detachment, and the location of retinal tears were measured before surgery. Approximately 1 year after surgery, stereopsis was measured with the Randot stereo test, visual acuity (VA) was measured using a Snell VA acuity measurement at a distance of 5 m and was presented as a linear LogMAR value, metamorphopsia was examined using an M-chart, and vision-related quality of life was determined using the 25-Item National Eye Institute Visual Function Questionnaire (VFQ-25). Results All of the patients achieved anatomical retinal reattachment. There was a significant difference between preoperative BCVA (0.78 ± 0.72) and BCVA 1 year postoperatively (0.25 ± 0.25) (Po0.05). Twenty-three patients had visual distortion postoperatively, including vertical metamorphopsia (0.53 ± 0.52°), and horizontal metamorphopsia (0.48 ± 0.53°). Twenty patients had no stereopsis. The composite score of VFQ-25 was 76.60 postoperatively. Significant differences in postoperative BCVA, metamorphopsia, and VFQ-25 were found between macula-on and macula-off groups (all Po0.05). There was a negative correlation between VFQ-25 composite score and metamorphopsia (Po0.005); there was no significant correlation between VFQ-25 composite score and BCVA or stereopsis. Conclusion Vision-related quality of life correlated with metamorphopsia, but did not correlate with VA or stereopsis.
Introduction
Rhegmatogenous retinal detachment (RRD) is a common type of retinal detachment, that is, a detachment of the neurosensory retina from the underlying retinal pigment epithelium owing to a defect in the retina. 1 Improvements in surgical techniques have resulted in an increased anatomical success rate; however, functional recovery is often compromised and some patients are not satisfied with the quality of life after surgery. 2, 3 In macula-off RRD, visual distortion is a major complaint and postoperative metamorphopsia is a highly prevalent problem that occurs in around twothirds of patients. 4 ,5 M-Chart is a convenient and reliable method to evaluate metamorphopsia, and it has been used to assess the degree of visual distortion for macular pucker and macular holes in previous studies. 6, 7 Vision-related quality of life issues include walking difficulties, social distress, and inconvenience of daily living. 8 The 25-Item National Eye Institute Visual Function Questionnaire (VFQ-25) was developed by the National Eye Institute and is widely used to assess patients' perception of visual function and quality of life. 8 In the present study we used VFQ-25, M-Chart, and the Randot stereo test to determine the relationships between vision-related quality of life, metamorphopsia, and stereopsis of patients who had successful surgery to correct RRD.
Patients and methods
Thirty patients (30 eyes) with RRD, who were treated from January, 2008 to November, 2009 were included in this prospective and non-randomized clinical trial. The study included patients with spontaneous, uncomplicated, recent onset RRD who underwent scleral buckling or vitrectomy surgery. Patients were excluded from the study if they had traumatic retinal detachment, recurring retinal detachment, proliferative vitreoretinopathy with a grade greater than B-level, macular disorders, vitreous hemorrhages, amblyopia, high refractive errors, severe cataracts, duration lasting longer than one month, and postoperative follow-up o1 year.
All of the patients were evaluated by at least two physicians before surgery. Stereopsis, metamorphopsia, and VFQ-25 were assessed, respectively, by masked physicians after surgery. Preoperative best-corrected visual acuity (BCVA) was measured using the Snell visual acuity (VA) measurement, which was converted into a linear logMAR value. Approximations for VA worse than 20/400 were made as follows: counter finger is 20/2000 (logMAR value = 2.0), hand motion is 20/4000 (logMAR value = 2.3), and light perception is 20/8000 (logMAR value = 2.6). 8 Examinations were made with a slit-lamp and binocular indirect ophthalmoscope with scleral depression, if necessary. The course of the disease was measured from the time that the patient noticed blurred vision. Optical coherence tomography was used to evaluate the macular structure pre-and postoperatively.
Surgeries were performed by an experienced surgeon. The postoperative follow-up period was at least 1 year. Final BCVA was measured postoperatively as described above for preoperative measurements.
In previous studies, the severity of metamorphopsia was estimated using an Amsler chart. 9 However, it is difficult to achieve precise and reproducible assessments of metamorphopsia using the Amsler chart because patients have to self-describe the extent and degree of image distortion. Therefore, an M-Chart (Inami Co., Tokyo, Japan) was used to quantitate metamorphoses. An M-Chart consists of 19 dotted lines with dot intervals ranging from 0.2 degrees to 2.0 degrees of visual angle. If the straight line is substituted with a dotted line, and the dot interval is changed from fine to coarse, the distortion of the line decreases with the increasing dot interval until the dotted line appears straight. The examination was performed at 30 cm so that the refraction of the eye was exactly corrected for this distance. At first, vertical straight lines (0 degrees) were shown to the patient. If the patient recognized the straight line as straight, the metamorphopsia score was 0. If the patient recognized the straight line as irregular or curved, then subsequent pages of M-Chart, in which the dot intervals of the dotted line change from fine to coarse, were shown subsequently. When the patient recognized a dotted line as being straight, the visual angle that separated the dots was considered to represent his/her metamorphopsia score for the vertical line. The M-Chart was also rotated 90 degrees and the same test was performed using horizontal lines. The examinations were repeated three times for each subject to evaluate the reproducibility of the test, and their mean was used for data analyses. 10 Stereopsis was measured with the Randot stereo test (Stereo Optical Co, Inc., Chicago, IL, USA) at 30 cm, and the refraction of the eye was exactly corrected for this distance. Vision-related quality of life was assessed by VFQ-25. 11 The VFQ-25 included questions related to general health status and questions related to 11 objective and vision-related parameters, including general vision, ocular pain, near activities, distance activities, social functioning, mental health, role difficulties, dependency, driving, color vision, and peripheral vision. Patients chose from four scores, 100, 75, 50, and 25, for each VFQ-25 parameter according to the severity of the quality of life issue. A higher VFQ-25 score corresponded to a higher quality of life. Overall questionnaire scores were the average of 11-dimensional objective scores, excluding the questions on general health. The VFQ-25 was completed before other examinations. The research staff explained the questionnaire to the patients, gave instructions verbally, and provided assistance when required. The completed questionnaires were reviewed for missing data by the research staff.
Statistics
BCVA, metamorphopsia, and VFQ-25 were compared between scleral buckling and vitrectomy groups, and between macula-on and macula-off groups. Data were analyzed by a non-parametric test using SPSS Program Package 16.0 for Windows. Data were identified as significant at a level of P ≤ 0.05. The Wilcoxon-paired comparison rank sum test was used to test the significance of preoperative and postoperative VA data. Spearman rank correlation analysis was used to test the correlation of BCVA, visual distortion degree, and overall score. The data were divided into two groups on the basis of the stereopsis, and the Mann-Whitney U-test was used to compare stereopsis to the quality of life.
Results
The results presented are for cases in which retinal reattachment was achieved. Patients with recurrent retinal detachment were excluded. The number of excluded patients was not recorded. Pre-and postoperative characteristics of RRD patients are shown in Table 1 (scleral buckling vs vitrectomy) and Table 2 (macula-on vs macula-off). There was no significant difference in BCVA, metamorphopsia, and VFQ-25 between the scleral buckling group and vitrectomy group (all P40.05). Significant differences in postoperative BCVA, metamorphopsia, and VFQ-25 were found between the macula-on group and macula-off group (all Po0.05).
Postoperative visual function and vision-related quality of life
The preoperative BCVA was 0.78 ± 0.72, and after 1 year of follow-up, the BCVA was 0.25 ± 0.25 (Po0.001). Twenty-three patients had visual distortion (metamorphopsia), 17 of them had macula-off RRD before surgery, and submacular fluid was found by optical coherence tomography in 15 of the 23 patients 1 year after surgery. The average vertical metamorphopsia score was 0.53 ± 0.52°, whereas the average horizontal metamorphopsia score was 0.48 ± 0.53°. The reliability of M-chart to evaluate metamorphopsia was excellent (intraclass correlation coefficient: 0.985 in vertical metamorphopsia and 0.998 in horizontal metamorphopsia). Twenty patients had no stereopsis.
Correlation between postoperative vision-related quality of life and visual function
The average VFQ-25 scores postoperatively are listed in Table 3 . The VFQ-25 scores and postoperative BCVA were not statistically correlated (P40.05). In addition, there was a negative correlation between the composite VFQ-25 quality of life score and vertical metamorphopsia and horizontal metamorphopsia (P ≤ 0.005) (Figure 1 , Table 4 ). Patients were divided into two groups according to stereoscopic vision. However, there was no statistically significant correlation between the composite VFQ-25 score and stereoscopic vision (P40.05).
Discussion
Postoperative VA, metamorphopsia, and stereopsis Some studies suggested that scleral buckling and vitrectomy surgery, which anatomically corrects RRD, do not restore visual function, as measured by VA. [12] [13] [14] In our study, after scleral buckling or vitrectomy to correct RRD, postoperative VA improved significantly compared with preoperative VA in agreement with previous studies. [14] [15] [16] Scholars suggested that preoperative VA was the key to determine postoperative visual recovery. 16 Although VA improved after surgery in this study, it was not restored to the level of the contralateral eye. Animal models of retinal detachment showed that after a half an hour of detachment, vision loss was irreversible, and photoreceptor cells underwent apoptosis after a few days. 17 Apoptosis might explain why some patients did not have ideal VA even when the surgery was performed on the same day as RRD.
Metamorphopsia is a visual illusion of object size, shape, and tilt distortion. 18 Patients with retinal detachment had different degrees of visual distortions. 19 In one study, 67% of the patients had visual distortion after macula-off RRD surgery. 5 In our study, metamorphopsia was the most common symptom in patients with submacular fluid. Although ophthalmoscope observation after RRD surgery showed a flattened retina, the optical coherence tomography scan still revealed a shallow foveal detachment and abnormally rough neural epithelium. Even after successful retinal reattachment, macular optical coherence tomography scans showed that some patients still had subretinal fluid, macular edema, macular thickening, or epiretinal membranes, which could be the reason for visual distortion after scleral buckling or vitrectomy to correct RRD. [19] [20] [21] [22] [23] The present study indicated that the abnormal macular structure and subretinal fluid might influence the severity of postoperative metamorphopsia.
There has been only one study that measured binocular three-dimensional stereoscopic vision in relation to surgery to correct RRD. 14 The authors suggested that following RRD surgery, subfoveal fluid, and macular edema, as well as a decline in perception, lead to a decline in binocular stereoscopic vision. 14 In our study, 10 patients had stereopsis after surgery, 5 of them had macula-off RRD, and 4 of them had postoperative submacular fluid.
We found no significant difference in BCVA, metamorphopsia, and VFQ-25 between the scleral buckling group and vitrectomy group, indicating that the two techniques to treat RRD might have similar effects on the recovery of macular structure and inflammatory responses. The macula-on group had better pre-and postoperative BCVA, less-severe metamorphopsia and a higher VFQ score than the macula-off group indicating that preoperative macular status was an important factor that affects the outcome and visual function after RRD surgery.
Assessment of vision-related quality of life and the relevance of visual distortion and stereopsis
In our study, the overall average VFQ-25 score was 76.60, slightly less than previously reported (80.03). 8 We found that the quality of life scores and postoperative BCVA had no correlation, which was in agreement with a previous study. 8 In addition, most patients stated that their weaknesses did not affect the quality of life, possibly because of the compensation by the contralateral eye.
Visual distortion reflects visual quality and is an indicator of visual function. It can damage the patients' feeling of well-being, and the patients may have positioning and reading difficulties after scleral buckling. 24 Our results indicated that metamorphopsia had a key role in the deterioration of vision-related quality of life, which correlated with the severity of postoperative visual distortion. It has been reported that postoperative stereo acuity declines in the majority of patients, but it does not affect the visual quality of life postoperatively. 25 Stereoscopic depth is a more precise determination of space; however, there can be some monocular stereoscopic vision. Life experiences and common sense may contribute to stereopsis. Long adaptation can accommodate the patient's monocular stereopsis. This might explain why the studies showed no correlation between stereopsis and postoperative quality of life.
There are some limitations in this study. The first one was the lack of information on the binocular state and ocular dominance of our patients before the development of RRD mainly because most Chinese never have an eye examination unless their vision is significantly impaired. Although all of the patients in this study reported that their vision was 'normal' prior to the retinal detachment, it would be better to have a stereopsis or binocular vision test done before this condition occurred. A second limitation was that some factors like surgery techniques, buckle designs, tear locations, and preoperative macular status could affect the severity of postoperative metamorphopsia. Future studies are needed to investigate how and if these factors influence metamorphopsia and the quality of life. The main purpose of this study was to focus on the evaluation of existing postoperative metamorphopsia and the correlation between metamorphopsia and quality of life.
In summary, RRD can cause metamorphopsia and further affect a patient's quality of life. Patients with macula-on RRD had better pre-and postoperative BCVA, less-severe metamorphopsia and a higher VFQ-25 score than patients with macula-off RRD. No significant difference in BCVA, metamorphopsia, and VFQ-25 was found between patients with scleral buckling and vitrectomy surgeries. Improvement in postoperative VA and a decline in stereopsis did not affect the patients' quality of life, whereas the degree of postoperative visual distortion were negatively correlated with the patients' quality of life after surgery.
Summary
What was known before K People with RRD suffer from serious vision-related disabilities. After surgery, some patients are not satisfied with their quality of life. Visual distortion is a major complaint. In previous studies, the severity of metamorphopsia was estimated by the Amsler chart.
There is no VFQ-25 in postoperative life.
What this study adds K We use M charts to assess the degree of visual distortion and VFQ-25 to evaluate the quality of life of patients who had successful surgery to correct RRD. To determine the relationship between vision-related quality of life, metamorphopsia, and stereopsis after successful surgery to correct RRD. (Mean ± standard error).
